A mutation in the lactose permease of Escherichia coli that decreases conformational flexibility and increases protein stability.
Lactose permease with Cys154 --> Gly (helix V) binds substrate with high affinity but catalyzes little or no transport. The purified, detergent-solubilized mutant protein exhibits much greater thermal stability than the wild type and little tendency to aggregate. Stabilization is also observed in vivo with an unstable mutant that is expressed at significantly higher levels when the Cys154 --> Gly mutation is introduced. In addition, ligand-induced conformational changes are markedly reduced or abolished by the Cys154 --> Gly mutation: (i) Although the fluorescence of purified single Trp33 (helix I) permease is enhanced by ligand binding, introduction of the Cys154 --> Gly mutation abolishes the effect. (ii) The rate of 2-(4'-maleimidylanilino)naphthalene-6-sulfonic acid (MIANS) labeling of permease with a single Cys residue in place of Val331 (helix X) is increased in the presence of ligand but reduced when the Cys154 --> Gly mutation is present. (iii) Fluorescence emission intensity of MIANS-labeled single Cys331 permease is enhanced and blue shifted in the Cys154 --> Gly mutant background, indicating that the latter mutation causes position 331 to become exposed to a less polar environment. The results indicate that the Cys154 --> Gly mutation causes a more compact structure and decreased conformational flexibility, an alteration that specifically blocks the structural changes necessary for substrate translocation with little or no effect on ligand binding.